Editor's key points † The study evaluated if peripheral venous pressure (PVP) correlated with CVP during laparoscopic surgery. † The PVP and CVP were measured in 42 patients. † The correlation between PVP and CVP was strong; mean (95% confidence interval) bias being 0.9 (0.54 -1.19) mm Hg. † The study concludes that PVP may be used as an alternative to CVP during laparoscopy.
Laparoscopic colorectal surgery has been increasingly performed for the surgical treatment of colorectal cancer because of its association with earlier recovery of bowel function, and the need for fewer analgesics, and shorter hospital stay compared with an open colectomy. 1 Despite the minimal invasiveness of laparoscopic surgery, CO 2 pneumoperitoneum and the Trendelenburg position used during the procedure induce haemodynamic alterations, including increased central venous pressure (CVP), pulmonary artery occlusion pressure, and mean arterial pressure (MAP). 2 -4 These haemodynamic changes are usually well tolerated in patients without cardiac disease (even in a steep Trendelenburg position of 408), 5 and a basic level of monitoring is typically adequate during the surgery. A central venous catheter is often inserted to measure CVP as a way to monitor the trend when assessing cardiac preload, given that this operation may be a long one. The usefulness of CVP measurements as guidance for fluid therapy has been demonstrated not only in improved survival in severe sepsis and septic shock but also in shortening the time to being medically fit for discharge in hip fracture patients. 6 7 The CVP is influenced by not only the ventricular preload or contractility but also extra-cardiac factors such as intrathoracic pressure. High CVP values associated with the increased intrathoracic pressure during this surgery may be falsely interpreted as intravascular volume overload or cardiac dysfunction. Furthermore, although infrequent, placement of a central venous catheter carries a risk of complications, such as unintended arterial puncture, haematoma, and pneumothorax. 8 In the context of avoiding invasive intraoperative monitoring, peripheral venous pressure (PVP) monitoring has been tested as an alternative to CVP monitoring. Since the early 2000s, many investigators have shown a consistent and strong correlation between PVP and CVP during various types of surgery. 9 -12 As the majority of patients undergoing surgery have a peripheral i.v. catheter in place, monitoring PVP may contribute to reductions in costs, complications, and time to the onset of the operation. However, it has not yet been determined whether PVP convincingly reflects changes in CVP in cases of increased intrathoracic pressure, which is typically associated with pneumoperitoneum and the Trendelenburg position during laparoscopic colorectal surgery. The aim of this study was to evaluate the relationship between PVP and CVP in patients undergoing laparoscopic colorectal surgery and the potential use of PVP as an alternative to CVP during the surgery.
Methods
After obtaining approval from the Institutional Review Board of Soonchunhyang University Bucheon Hospital (BucheonCity, Republic of Korea) and written informed consent from each patient, 46 consecutive patients, ASA I -II, undergoing elective laparoscopic colorectal surgery were assessed for eligibility for this study from June 2009 to May 2010. The exclusion criteria were significant cardiac disease (ejection fraction ,40%, unstable angina, or valvular disease), failure to place a peripheral or right internal jugular venous catheter, existence of artificial arterio-venous fistula for haemodialysis, and pre-existing vascular anomalies of the central venous system.
All patients received i.m. glycopyrrolate 0.2 mg as premedication 30 min before arrival at the operating theatre. Upon arrival, patients were monitored using a three-lead ECG, pulse oximetry, and non-invasive arterial pressure measurement (Solar 8000; GE, Milwaukee, WI, USA). Anaesthesia was induced and maintained with propofol (effect site concentration, 3 14 and the catheter tip position was confirmed by chest radiography after operation. PVP was measured using a 25 mm, 22 G cannula (Becton Dickinson Korea), inserted in either vein of the dorsum of the hand or forearm on the morning of surgery. All catheters were connected to a continuous pressure monitoring kit (PX3X3; Edwards Life Sciences, Irvine, CA, USA) via 150 cm-long rigid pressure tubing filled with saline. The transducer was set to zero at the level of the right atrium, 4 cm below the fourth intercostal space, and was adjusted to this level depending on the patient's position (Trendelenburg or tilt to left or right). Patients were positioned in the lithotomy position, with the hips flexed at 40 -708 from the trunk and the thighs abducted 30-458. One arm was placed alongside the patient on the operating table, depending on the type of operation performed (right arm in descending, sigmoid, or rectal cancer). PVP was measured at the other arm, which was placed on an arm board abducted to 908 to avoid the possibility of leaning or compression by the surgeon. After a skin incision, pneumoperitoneum was established with an intra-abdominal pressure of 12-14 mm Hg through the umbilical port, using an open (Hasson) technique. After exploring the abdominal cavity, three additional trocars were inserted into the usual sites, depending on the type of surgery. At least 1 min after the establishment of pneumoperitoneum, the patient was placed in the Trendelenburg position . The operation was performed with the patient in this position, and the patient's position was adjusted (head down or left/ right tilt) when the surgeon requested. After evacuating the carbon dioxide, the specimen was removed through a minimal incision at the appropriate port site while still in the Trendelenburg position. The abdominal wall was closed in the supine position at the end of the operation. The patient was transferred to the post-anaesthesia care unit after tracheal extubation. All operations were performed by the same surgeon and the same anaesthetist managed the anaesthetic. The measurements of CVP and PVP were recorded during the end-expiratory phase, at a predetermined set of 10 time points: T1, when the patient was anaesthetized before the surgical incision; T2, 1 min after the skin incision; T3, 1 min after maintaining pneumoperitoneum with an intra-abdominal pressure of 12-14 mm Hg after the placement of the four trocars; T4, 1 min; T5, 10 min; T6, 30 min; T7, 60 min, and T8, 120 min after placing the patient in the Trendelenburg position under pneumoperitoneum; T9, 1 min after specimen removal and desufflation while still in the Trendelenburg position; and T10, at the end of the surgery, with the patient in the supine position. The MAP, heart rate (HR), nasopharyngeal temperature, and peak airway pressure were also recorded at these time points.
Statistical analysis
Descriptive statistics of the variables are presented as means (SD) unless otherwise stated. Data analysis was performed using Student's t-test, Pearson's correlation coefficient, and linear regression. As CVP and PVP were measured repeatedly, we used a Bland -Altman analysis for repeated measurements, as suggested by Myles and Cui. 15 The random-effects model was used to calculate the within-subject variance after adjusting for the baseline measurements for each patient, mean measurements for each patient over time, mean measurements between the two methods, and mean measurements for each method over time. An agreement was evaluated by calculating the mean difference (bias) and standard deviation of the differences. The limit of agreement was calculated as a bias +2 SD. The precision of the estimated limit of agreement was provided by a 95% confidence interval (CI). Any changes in variables during the study period were analysed by repeated measurements of analysis of variance using the Bonferroni test for post hoc comparisons. Statistical analysis was performed using the software program SPSS version 14.0 (SPSS, Chicago, IL, USA) and Stata version 10 (StataCorp, College Station, TX, USA). Values of P,0.05 were considered to indicate statistical significance.
Results
In this study, no patient met the exclusion criteria, but two patients who refused to participate were excluded. Consequently, 44 patients were enrolled (23 males and 21 females), with a mean age of 59.1 yr (range, 33-84). Of the 44 patients enrolled, two were excluded owing to conversion to open surgery or failure to complete the surgery due to extensive peritoneal seeding of cancer. Thus, data from the remaining 42 patients with a total of 420 pairs of measurements were included in the analysis. All central venous catheterizations were successfully performed without complications. All patients remained in normothermia. Patients' characteristics and operative data are presented in Table 1 . The overall mean CVP was 11.3 (SD 4.5) mm Hg, which was significantly lower than that of the PVP, which was 12.1 (4.5) mm Hg (P¼0.005). The regression equation was PVP¼0.96 (CVP)+1.35, indicating a strong positive correlation between overall CVP and PVP (correlation coefficient¼0.96, P,0.0001; Fig. 1 ). The mean bias (PVP -CVP) corrected for repeated measurements using the random-effects model was 0.9 mm Hg (95% CI 0.54 -1.19 mm Hg) with 95% limits of agreement of 21.2 (95 CI 21.75 to 20.62 mm Hg) to 2.9 (95% CI 2.35 -3.48 mm Hg) (Fig. 2) . The mean bias significantly decreased when patients were in the Trendelenburg position under pneumoperitoneum ( Table 2 ). The mean venous pressure [(CVP+PVP)/2] had a moderately strong, positive correlation (r¼0.61, P,0.0001) with peak airway pressure (Fig. 3A) , and the mean bias had a weak negative correlation (r¼ 20.19, P,0.0001) (Fig. 3B) .
The CVP, PVP, and MAP increased during pneumoperitoneum in the Trendelenburg position and returned to baseline values at the end of surgery (P,0.001) (Supplementary Fig. S1 ). The HR did not differ significantly from the baseline value during the study period ( Supplementary Fig. S2 ).
Discussion
The current study demonstrated high agreement between CVP and PVP, suggesting that PVP monitoring can replace CVP monitoring in patients undergoing laparoscopic colorectal surgery under conditions of pneumoperitoneum and , has been demonstrated in this study. Additionally, we found that the difference between CVP and PVP tended to decrease with an increasing peak airway pressure, as evidenced by the negative correlation coefficient (20.19) . The clinical implication of the present study is that PVP has a strong correlation with CVP in a clinical setting during increased intrathoracic pressure. A correlation between CVP and PVP has been demonstrated in various surgeries and patient populations. 16 -18 Recent studies dealing with the effects of pneumoperitoneum and the Trendelenburg position on the haemodynamic consequences and cerebral oxygenation during robotassisted laparoscopic radical prostatectomy have shown that CVP increases significantly and remains stable during the steep head-down position and pneumoperitoneum, and returns to baseline on reassuming the supine position. 19 20 This is consistent with our observations. It has been suggested that an increase in CVP results from increased intrathoracic pressure related to the pneumoperitoneum and head tilt, rather than from changes in the intrathoracic blood volume. 21 22 However, it has not been reported whether an increase in CVP is associated with an increase in PVP during laparoscopic surgery. A previous study demonstrated a strong correlation between PVP and CVP in patients undergoing spine surgery in the prone position. 23 Although the mechanism of increased CVP differs from that during laparoscopic surgery, the increased intrathoracic pressure induced by the prone position produced high mean CVP [15. demonstrated the use of PVP as an alternative to CVP in cases of increased intrathoracic pressure from extrinsic forces (e.g. the prone position) transmitted to the abdomen. The smaller mean bias (0.67 mm Hg, T4-8) in our study may be attributable to the consistent intrathoracic pressure during the laparoscopic procedure. Several studies have demonstrated that the difference between CVP and PVP varies with the value of CVP. In nine patients undergoing orthotopic liver transplantation, a weaker correlation between PVP and CVP was evident at low CVP. 17 Another study showed that when CVP increased, the difference between PVP and CVP tended to decrease; when the measured CVP was ≥13 mm Hg, the difference between PVP and CVP was less than 1 mm Hg. 24 These findings concur with our study, in which the difference between venous pressures decreased at high CVP. The difference between these studies and our study was the source of the change in CVP (i.e. primarily intrathoracic pressure vs intravascular volume). The reason for the decrease in PVP-CVP in our study is that the increase in intramural CVP, on establishing pneumoperitoneum, exerts a backward force on the veins, impeding blood flow from the veins into the right atrium, rendering the peripheral veins more patent. As the CVP increases still further on assuming the Trendelenburg position, the transmission of central pressure increases consistently, causing a corresponding increase in PVP; as a consequence, the difference between the two pressures is decreased. Our results add evidence for a decrease in PVP -CVP when CVP increases, regardless of the cause. Here, we measured PVP at a more peripheral site (vein on either the dorsum of the hand or forearm) and used a smaller-diameter venous catheter, compared with previous studies.
12 23 There was no difference in the mean PVP measured at the dorsum of the hand vs the forearm [11.9 (SD 2.6) vs 12.2 (2.4) mm Hg], which is consistent with previously reported results that the site of the peripheral venous catheter does not interfere with the agreement between CVP and PVP. 25 26 The use of a smaller catheter during routine preoperative peripheral venous catheterization may be helpful in decreasing pain. Our study differs from previous studies comparing CVP and PVP, in that we used a modified Bland -Altman plot for the analysis. An analysis based on pooling the 420 paired measurements of CVP and PVP using the original BlandAltman method ignores the repeated nature of the data. Therefore, we included the baseline and mean measurements over time for each patient, and the mean measurements between the two methods for each time point to fit a random-effects model, as proposed by Myles and Cui. 15 A recent systematic review demonstrated a very poor relationship between CVP and blood volume, and an inability to predict the haemodynamic response to fluid challenge. 27 The CVP measured during the pneumoperitoneum do not seem to reflect accurate preload status or to guide resuscitation. 28 -30 As this study assessed the agreement of CVP with PVP, no conclusion can be drawn about the usefulness of venous pressure monitoring in terms of fluid management in this type of surgery. We recognize that measurements of the 'static' cardiac filling pressure cannot accurately reflect preload or fluid responsiveness. It may be more useful to monitor 'dynamic' parameter, such as pulse pressure variation, to detect hypovolaemia and guide fluid therapy during laparoscopic surgery. 31 However, as there is no single parameter that can guide fluid therapy in all circumstances, CVP monitoring may still help to evaluate volume status, to guide replacement therapy, when considered together with other clinical variables, such as blood pressure, HR, and urine output. Given that the changes in CVP and PVP are strongly correlated, predictable, and consistent over time during uncomplicated laparoscopic colorectal surgery, the trends in PVP may be useful for monitoring the intravascular volume status and fluid management. Further studies are needed to determine the clinical usefulness of PVP as a trend monitor for evaluating the intravascular volume in this patient population. Some limitations of the current study need to be noticed. As we did not measure ventricular end-diastolic volume Peripheral or central venous pressure using either transoesophageal echocardiogram or pulmonary artery catheter, we cannot rule out the contribution of venous return, which may increase during pneumoperitoneum and in the Trendelenburg position, when measuring CVP. Additionally, it is not clear whether our data are applicable to cardiac patients undergoing this surgery.
In conclusion, we demonstrated that PVP reflects CVP in cases of increased intrathoracic pressure under pneumoperitoneum in the Trendelenburg position and that it can be used as an alternative to CVP in patients without cardiac disease undergoing laparoscopic colorectal surgery.
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